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A. Task (bjective: Al gorithm Devel opent for d obal Mappi ng of
Phycoerythrin Pignent, D ssolved Organic Matter, and
Chl or ophyl | ous Pi grent

Thi s individual section is essentially as given during the
prior quarter. During the prior reporting period, we described a
significant advance in the retrieval of inherent optical
properties (whose |ist includes phycourobilin absorption
coefficients and phycoerythrobilin absorption coefficients) as
published in JGR The algorithmnethod is a major departure from
the radiance ratios used in the old CZCS al gorithnms. The new
nmet hod i s based on radi ance nodel s derived fromthe radiative
transfer equation (RTE). The linear matrix inversion technique is
detailed in: Hoge, Frank E. and Paul E. Lyon, "Satellite Retrieval
of I nherent Optical Properties by Linear Matrix Inversion of
Cceani ¢ Radi ance Mbdel s:  An Anal ysis of Mddel and Radi ance
Measurenent Errors", Jour. Ceophys. Res. 101, 16,631- 16, 648,
(1996). This theoretical work has now been extended to include
phycourobi lin and phycoerythrobilin absorption coefficients
within the matrix inversion. The nethod fornms the basis for the
ATBD t hat appears at
http://eospso. gsf c. nasa. gov/ at bd/ nodi st abl es. ht M as ATBD- MOD- 27.
It has been found by using airborne radi ance data that nodels for
total constituent backscatter are pacing itenms in inproving the
accuracy of the retrievals. These are of course under intense
devel opnent within our project. The principal advantage of the
matrix inversion method is that it can be extended to include any
nunber of absorbers and backscatterers. Thus it possesses
unlimted potential for general algorithm devel opnent for
retrieval of inherent optical properties and resultant constituent
concentrations.

B. Additional Task (bjective: Airborne Validation of MDD S Qcean
Products and Al gorithns

Thi s Additional Task Objective was added during the | ast sem -
annual reporting period to reflect the added enphasis that the ECS
the MODI S Team Leader the MODI' S Ocean Team Leader place on
val i dation of ocean products. Validation is defined as the
process of establishing the spatial and tenporal error fields for
a given product or a given algorithm The validation of MDD S
ocean products and algorithnms is a nmajor undertaking that wll
require strategic use of relatively Iimted resources. Mich of
the validation afforded the Coastal Zone Col or Scanner (CZCS) was
performed fromresearch vessels. The technol ogy associated with
instrumentation for noored arrays and airborne platforns had not
sufficiently matured during the 1978 - 1986 CZCS data coll ection
period to permt sensors fromthese platforns to play a nore
significant validation role. Innovation in renote sensor design



and advances in technol ogy during the past decade have led to the
devel opnent of suitable instrumentation for depl oynment on noored
and aircraft platforns. Some of these sensors have measurenent
capabilities traditionally associated only with ship platfornms and
are now capabl e of significantly conplenenting the sanpling and
nmeasur enment capability of research vessels for validating certain
MODI S ocean col or products. For sone other MDD S ocean products
the renote sensors are not yet sufficiently accurate to provide
val idation without conplenmentary ship observations. Still other
MODI S ocean color products will, for the near future, be dependent
al nost entirely on ship derived observati ons.

It has | ong been recogni zed that ship, aircraft, and nooring

pl atfornms each occupy uni que niches in the space/tinme aspect
related to ocean color satellite validation. Morings can
effectively provide a tine-series of validation nmeasurenents

| asting several nonths, often without attention. Modern noorings
are generally equipped to hold a variety of sensors. Current
technol ogy often permts the telenmetry of neasurenents through a
satellite link such that the noored sensor data is available in
essentially real-time. The primary limtation of noored sensors
is the restrictive spatial coverage that they afford. Due to the
stationary nature of noored platforns, nmeasurenents derived from
their attached sensors are essentially limted to a single pixel
of an ocean color inmage. Nonethel ess, the corroborating
nmeasurenents fromthe noored sensor suite can often significantly
enhance confidence in ocean col or products derived over a

consi derabl e portion of a scene. Likew se, repetitive
observations in conjunction with satellite overpasses serves to
provi de assurance in the instrunment stability during long tine
peri ods when sensors on ship and aircraft platforns are not
avail abl e.

Al rborne sensors have the consi derabl e advantage of being able to
acqui re cont enporaneous neasurenents that are nearly synoptic over
a wde area with corresponding satellite ocean col or sensor
observations. The spatial extent over which the airborne

nmeasur enents can be considered sufficiently synoptic for

val i dation purposes is dependent on the physical dynanmics of a
particul ar oceanographi c province. Nonethel ess, since these

physi cal changes are tenporal in nature, the spatial coverage
afforded by either an aircraft or a ship platformis directly
proportional to the speed of the respective platform Aircraft,
such as the NASA P-3B or C 130, routinely cruise at speeds between
130 and 140 m sec (~250 and ~270 knots), which is approxi mately 25
- 27 tines the speed of a research vessel engaged in along track
sanpling. Thus, if a 40 kmcross-section of ship measurenents
(acquired during a one hour period surroundi ng the passage of an
ocean col or sensor) can be considered sufficiently synoptic for
routine validation purposes, then an aircraft simlarly engaged
could provide a 1,000 km cross-section for direct validation of
satellite ocean color products. Oten a variety of different
sensors can be packaged together and fl own on the same aircraft
platformto provide a data set of conpl enentary neasurenents



where each individual neasurenment is enhanced by the presence of

t he other neasurenents in the ensenble. The nmain concern about
ocean col or product validation froman aircraft platformis in the
area of measurenent accuracy. As with noored sensors,

consi derabl e i nprovenents have been nmade to aircraft sensors in
recent years such that the neasurenment accuracy for certain ocean
color products is conpatible with ship nmeasurenents of the same
paranmeter. Still other ocean col or products can be neasured
renotely froman aircraft platformto within acceptabl e validation
standards with the aid of contenporaneous ship observati ons.

Research vessels are a val uabl e resource for validating ocean
color products. Mbodern research vessels are capable of housing a
variety of instrunents, sensors, and | aboratory equi pnent for
maki ng a di verse suite of measurenents useful for validating ocean
color products. Sonme of these nmeasurenents cannot be nade from
nmooring or aircraft platforns. Research vessels are equipped with
| aboratories for filtering and extracting pignments, have flow

t hr ough pl unbi ng from whi ch i nstrunents can continuously sanple
water fromthe surface | ayer, can deploy highly technical towed
fish (such as the SeaSoar), can carry a variety of optical and

bi ochem cal sensors, and are capable of maintaining stations where
primary productivity neasurenments can be conducted. Opti cal
measurenents can be made in conjunction with a variety of

bi ogeochem cal observations fromessentially the sane parcel of
water. This aspect is particularly valuable in devel opi ng nodel s
used in the retrieval of ocean color products from MODI S ocean
color inmagery. Research vessels can collect time-series
observations in conjunction with ocean color satellite overpasses,
al t hough generally over a shorter tinme frame than is possible with
noored sensor arrays. They al so can make neasurenents over sone
portion of an ocean color inage, although the size of the "near
synoptic" sanpling region is roughly only 1/25th that of an
aircraft platform It is these tenporal and spatial sanpling
restrictions of a ship platformfor validating ocean col or
products that nmake the use of nooring and aircraft platforns in
concert with sone ship sanpling essential. |In accordance with
goal s of inproving our validation, we place our Shipboard Laser

Fl uoroneter (SLF) aboard Dr. WIIliam (Barney) Bal ch's Novenber,
1997 cruises to obtain high spectral resol ution phycoerythrin,
chlorophyl |, and water Raman scatter data. This initial test of
the SLF was hi ghly successful, with nore than 10 days of

conti nuous data obtained in 12 hour segnments. For the first tine
the PUB i nduced spectral shit of PEB was seen in the flowthrough
data without the need of time consum ng concentration and/or
filtering of sanples. Additional SLF data acquisition is planned
for the cruise of Dr. Patti Matri (Bigel ow Laboratories) aboard
the RV Hatteras in March of 1998.

This new, additional validation thrust is the result of
conmuni cati on between this MDD S i nvestigator, the MDD S Ccean
Di sci pline Team Leader, and the MODIS Team Leader. It wll becone
the major priority as MODI S | aunch approaches and the need for
calibration and validation becones still nore critical. The



phycoerythrin effort will be allowed to flow naturally fromthe
principal calibration and validation effort.

In concert with our added enphasis on validation, we have
intensified our calibration effort. To this end we are pleased to
report that M. Thonmas R ley (GSFC G eenbelt) travel ed to Wall ops
as a part of his world wide calibration round robin. The
prelimnary results | ook quite good for our new refl ectance-pl aque
and standard 200 watt |anp calibration systemas now configured in
a specially built roomin-a-roomcalibration facility at \all ops.
The calibration sphere, used for many years showed | ower precision
and will probably not be used of passive radionetric calibration
in the future.

1. MODIS North Atlantic Test Site Establishment and
Char acteri zati on

The Test Site includes the New York Bight/Md-Atlantic Bight/Qlf
Streani Sargasso Sea and is conveniently |ocated north and east of
GSFC/ WFF.  As previously reported, the MOD S North Atlantic Test
Site has been established as originally proposed. Mch of the
data obtained in the northwestern portion of the test site will be
used for al gorithmdevel oprent in Case 2 waters. Characterization
has been initiated by ship sanpling, aircraft overflights, and
anal ysis of historical data available fromw thin the NASA ACL
project since 1980.

It is expected that the MODIS North Atlantic Test Site wll
be further used for validation of MOD S ocean products and
al gorithns.

a. During this sem annual reporting period airborne m ssions
were flown in the MOD' S Test Site on August 12-15 over the
research vessel RV Cape Henlopen (Dr. Neil Blough, U M Chief
Scientist). SeaWFS underflights were al so conducted Dec 16, 1997
in order to test our ability to validate MDD S products. W al so
overflew Dr. WIliam (Barney) Balch Nov 17, 1998 during his cruise
of @ulf of Maine and Georges Bank. This cruise carried the SLF
i nstrument and these data are al so under goi ng processi ng and
anal ysis. These mssions allow us to refine the techniques to
provide validation data for (a) chlorophyll, (b) CODOM and (c)
wat er - | eavi ng radi ances, (d) down-welling irradiance, and (e) sky
radi ance. Concurrently this data allows further progress on the
devel opnent of algorithnms for chlorophyll and COOMretri eval s.
They w Il al so provide additional evaluation of the recently-
rebuilt ACL systemand will provide data needed to further
calibrate the fluorescence/ Raman ratios derived fromthe ACL
spectroneter data to retrieve CDOM and chl orophyl | absorption
coefficients. Data fromthe Japanese OCTS sensor concurrently
wi th airborne active-passive (laser-solar) data is being anal yzed
to for possible inprovenents to the MODI'S phyt opl ankt on absorpti on
and CDOM absorption retrieval algorithns. In turn the
phycoerythrin retrieval algorithmw | be inproved.



Furthernore, and as previously suggested in a prior report, the
above airborne flights allow continued eval uati on of a new 256
channel ocean col or spectroradi oneter designed and built at

WAl lops Flight Facility. 1t was found that the col or sensor
possessed the requisite sensitivity for ocean col or spectra in a
hi gh-rate/l owintegration-tine node needed to all ow editing of
data containing sun glint. Initially, the prototype sensor was
successfully flown during the JGOFS Iron Enrichment Experinents
of f the coast of Ecuador in Novenber 1993. A still higher
sensitivity detector and higher resolution sensor was successfully
flown in March 1995 and during the JGOFS Arabi an Sea Experi nent.
Eval uation of the data suggests that it is of good quality.

b. O her Data Acquisition for Al gorithm Devel opnent/MXDI S
Val i dati on

New Al gorithm Method. As reported in the | ast sem -annual report,
a significant advance in the retrieval of inherent optical
properties (whose |ist includes phycourobilin absorption
coefficients and phycoerythrobilin absorption coefficients) was
published | ast year. The algorithmmethod is a major departure
fromthe radiance ratios used in the old CZCS al gorithns. The new
nmet hod i s based on radi ance nodel s derived fromthe radiative
transfer equation (RTE). The linear matrix inversion technique is
detailed in : Hoge, Frank E. and Paul E. Lyon, "Satellite
Retrieval of Inherent Optical Properties by Linear Matrix

| nversi on of Cceani ¢ Radi ance Mbdels: An Anal ysis of Mdel and
Radi ance Measurenent Errors", Jour. Geophys. Res. 101, 16, 631-

16, 648, (1996). Work is now underway to extend the nethod to

i ncl ude phycourobilin and phycoerythrobilin absorption
coefficients within the matrix inversion. No problens are
anticipated with this effort.

These passive retrieval methods, while inportant for
al gorithm devel opnment, allow us to advance the very techni ques
that will be used to provide validation for MODI'S ocean products.

C. The | aser receiver nodifications previously reported
during 1995 have been very successful. As we reported, in order
to inprove the | aser measurenent of phycoerythrin, the A rborne
Cceanographi ¢ Lidar (ACL) was rebuilt during that reporting period
to |l essen the persistent stray light scatter problemin the
spectroneter. The nodifications included renoval of the rigid
light-guides and all turning mrrors conprising the origina
optical axis. A fiber optic face plate now occupi es the focal
pl ane of the new in-line optical path and transports the spectral
radi ati on to nechanically reconfigured banks of original
photonul tiplier tubes. The resolution of each channel of the fiber
optic face plate systemis ~4nm but were optically conbined at the
photonul tiplier tube face to achieve ~12nm per channel for this
experiment. The signal path fromthe photonultiplier tubes
t hrough and including digitization remain essentially the sanme as



reported previously. Conpared to the original |ight guides, the
fiber optic channels have superior scattered |ight rejection
ascribed to a considerably smaller view ng or acceptance angl e.
Furthernore, a Bragg diffraction filter in the collinmated segnent
of the |ight-path bl ocks passage of 532nmradiation to the
diffraction grating and subsequent fiber optic focal plane. The
532nm pul se reflected fromthe Bragg diffraction filter is used to
tenporally define the ocean surface target and initiate

digitization of the fluorescence spectra. A spectral and
radionetric calibration is perfornmed before and after each flight
m ssion by viewing an internally illumnated 0.75m di anet er

cal i bration sphere placed beneath the aircraft tel escope view ng
port. Inmediately follow ng the 0.75m sphere calibration, a

separate on-board 10cm calibration sphere is viewed by
nmechani cal |y introducing (at the focal plane of the tel escope)
fiber-optically-delivered radiation froma tungsten |anp (followed
by 40ns pul sed red LED s). The snall calibration sphere all ows

i medi ate transfer of the 0.75m sphere calibration into the
aircraft domain. The pulsed LED s then provide transfer of the
ground (and onboard) DC tungsten |anp calibrations to the w de
bandw dt h pul sed portion of the AQL
detection/anplification/digitization system Calibration is

mai ntained in flight by periodically viewing the 10cm calibration
sphere. Conplete details of the new AOL configuration are
excepted to be described in other publications.

B. Gther Wrk Acconplished

VW did overfly Dr. Neil Blough his August 11-17, 1997 cruise
fromDelaware Bay to the Qulf Streamthen Chesapeake Bay and hone
port.

The pl anned overflights of the cruise of Dr. Barney Balch in
the Gulf of Maine in early June were cancelled due to aircraft
mechani cal problens. This was a severe di ssappoi ntnent since the
conbi ned ship-aircraft data would have all owed i nportant tests of
our ability to validate the total constituent backscatter
coefficient. However, as reported herein his subsequent cruise
was successfully overflown on Nov. 17, 1997.

3. Satellite Data Analysis

V¢ requested and received the Feb 24, 1997 OCTS data for the
East Coast-US. Initial processing with SeaDAS software yields a
troubling finding: the 412nm band data are nostly null val ues.
Actual ly, the 412nmdata is probably negative (physically
unreal i zable) and is set to zero during processing. W are
continuing to work with Greenbelt folks to resolve the data
problem This particular OCTS image is inportant since airborne
underflight data was taken concurrently. According, products
since we have cont enporaneous airborne |aser data for this date.

D. Anticipated Activities During Next Half Year.



1. As previously discussed, additional flights of the NASA
Al rborne Cceanographic Lidar are planned within the MOD S Test
Site. Specifically, overflights of cruises of the research
vessels in conjunction with the ONR' Univ. MD (Dr. Neil Blough) in
the MAB, and over Dr. Barney Balch in the Gulf of Maine, and over
Dr. John Brock in the SAB. Planned flights include the clear-day
cruises of Dr. WIlliam (Barney) Blach on a ferry boat from
Portland, Maine to Yarnmouth, Nova Scotia in Fall 1998.

2. No international field excursions are planned during 1997.
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F. Oher Concerns

The retirement of the NASA/ GSFC C-130Q aircraft is a nmajor
concern. This will leave only the already-crowded P-3B for najor
field validation m ssions. Thus, our eventual

si ze/ power/ wei ght / vol urmre reduction of the AOL and use of smaller
airborne platformis considered nandatory.

As reported previously, the lack of a 600nm band on MODIS-N is no
| onger felt to be the biggest problemfacing the retrieval of the
phycoerythrin pignment. Additional effort since the |ast report

still suggest that radiance (and refl ectance) nodels, can provide
retrieval of the phycoerythrin pigment at the absorption peaks of



495nm (phycourobilin, PUB) and 545nm (phycoerythrobilin, PEB)
can be achi eved using the 490nm and 555nm MODI S bands.

course, such retrievals will require a highly accurate nodel to
account for the significant anounts of chlorophyll and DOM
absorption occurring simultaneously with the phycoerythrin
absorptions. The details of the phycoerythrin retrieval have been
recently detailed in the ATBD but are being upgraded to |inear
matrix inversion of a radiance nodel that includes the

phycoeryt hrobi |l in and phycourobilin absorption coefficients



